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 Transferring large data sets—big files, big collections of files—via inexpensive IP 

networks,instead of shipping tapes, discs, or film, promises to change fundamentally the 

economics of content production, distribution, and management. Under ideal conditions, data 

may be moved quickly and inexpensively using ordinary file transfer methods such as FTP, 

HTTP, and Windows CIFS copy. However, on real wide-area and high-speed network paths 

these methods' throughput collapses, failing to use more than a small fraction of available 

capacity. This is a consequence of the design of TCP, the underlying protocol they all rely on. 

New TCP stacks and new network acceleration devices are marketed to help, but they fail to 

fully utilize many typical wide-area network paths. Consequently, conventional FTP, and even 

new "acceleration" solutions, cannot provide the speed and predictability needed for global file 

transfers. TCP fails to be a suitable method of bulk data transfer in many of high speed 

applications, giving rise to new classes of protocols designed to circumvent TCP's 

shortcomings. It is typical in these high-performance applications, however, that the system 

hardware is simply incapable of saturating the bandwidths supported by the network 

infrastructure. When the bottleneck for data transfer occurs in the system itself and not in the 

network, it is critical that the protocol scales gracefully to prevent buffer overflow and packet 

loss. It is therefore necessary to build a high-speed protocol adaptive to the performance of each 

system by including a dynamic performance-based flow control. This paper develops such a 

protocol, performance adaptive UDP (henceforth PA-UDP), which aims to dynamically and 

autonomously maximize performance under different systems. A mathematical model and 

related algorithms are proposed to describe the theoretical basis behind effective buffer and 

CPU management. A novel delay-based rate-throttling model is also demonstrated to be very 

accurate under diverse system latencies. Based on these models, we implemented a prototype 

under Linux, and the experimental results demonstrate that PA-UDP outperforms other existing 

high-speed protocols on commodity hardware in terms of throughput, packet loss, and CPU 

utilization. PA-UDP is efficient not only for high-speed research networks, but also for reliable 

high-performance bulk data transfer over dedicated local area networks where congestion and 

fairness are typically not a concern. 

 

 


